Armed Services Technical Information Hgency

Because of our limited supply, you are requested to return this copy WHEN IT HAS SERVED
YOUR PURPOSE so that it may be made available to other requesters. Your cooperation
will be appreciated.

' NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA

: | ARE USED FOR ANY PURPOSE OTHER THAN IN CON'NECTION WITH A DEFINITELY RELATED
GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS
NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE
, GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE
f \ SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY

IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER

PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR.PERMISSION TO MANUFACTURE,
USE OR SELL ANY PATENTED INVENTION THAT 'MAY IN ANY WAY BE RELATED THERETO.

- Reproduced by

" DOCUMENT SERVICE CENTER
KNOTT BUILDING, DAYTON, 2, 0HI0

" UNCLASSIFIED




STA e

*

ERONAUTICAL ENGINEERING DEPARTMIENT

§
:

Naroh 1953

STRUTOR JET

Contract Yo, NE0ri-OT1-(09)
TR 220004

UNIVERSITY OF ILLINOIS
URBANA, ILLINOIS

Warch 30, 1953




TR TH -

¥

EJECTOR JET

FROGRESS REFORT

N60ri-071-(09) NR 220-00Y4

March 30, 1953

Prepared by: R, W, licCloy

¥



[

i e A et S BNt e B - #

Experimental work on the Bjector Jet project has been undervay
since September 1552. The project has been vlagued with numerous
difficulties since the inception of the oxp;rimental orogram, Yone
of these difficulties has in any way indicated that the basic prine-
ciples of the ejector jet are fallacious.

The main difficulties encountered with the test program have
been due to the following three factora which of necessity are en-
countered in the construction of an efficient ejector jet, namely:
high temperature (1200 or 1300°F), high pressure (1000 to 3000 psi),
and the use of a non-ludbricating fuel (methanol).

To better indicate the sourcee of difficulty, the starting and
operating procedure will be presented. In the schematic disgram
(Pig. 1), with ram air provided the fuel pump(l) is started and flow
at thie point is entirely through the fuel dypass. Th§ spark plug(z)

is energized and the startins fuel valve(3) is opened. The ejector

Jet 18 then operating as a ram jet and the regenerative heating coils

(%) and superhnating(s) are absorbding heat and raising the

vaporizing
temperature of the alcohol. When the tamperature is sufficiently
high (800-1200%), fuel is allowed to pass to the primary nose1e(6)
by opening of a main fuel valvo(7) or by ovening a nelf-gealing
nozzle(é). The jet-pump action of the vaporized alcohol then induces
air and compresses the air-fuel mixture, and this mixture is burned
in the combustion chamber. The starting air may now be shut off qnd
the ejector jet then overntes as a ram jet without ram,

Enough heat transfer area must be supplied in the vaporiser coils
that heat can be abdgorbed through the walls in sufficient quantity to

obtain design temperature (13000F) in the fuel for the condition of
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maximum fuel flow. Thias of course resulte in too gresat a heat
absorbtion at lover fuel flows. To control this fuel heating, a
desuperheating system was incorporated. Since the major rortion of
the heat absorbed by the fuel is in the 20 ft. of superheater coils
rather than the 60 ft. of vaporizer coils, control can be obtaided

by injecting cold alcohol into the vapor as it entere the suverheater
coile,

Operation of the bypass temverature condrol is actuated by a
thermocouple placed in a tube immersed in the superheated alcohol at
voint 8 where the suverheater tube leaves the combustion zone, The
thermocouple outrut passes to a modified Bristol Map-Actuator con-
troller. Here the signal is amplified and converted into an open or
close signal to the motor operating the byrass valve. There is a
"rate of change" circuit in the controllar which causes it to anti-
cipate approach to the controlled temperature and causes open or
close pulses to be sent to the valve motor.

Some of the difficulties which have been encoun‘ered and the
solutions obtained will be discussed below:

£ump

As has been revorted vreviously, a small fotary yump to handle
low viscosity fluids at pressur;a up to 3000 psi is not readily availe
able. The Superdraulic cdrporation of Detroit, Michigan has cooverated
in the adapting of their rotary piston pump for pumping alcohol. The
standard version of this pump is designed for overation with hydrauliec
fluid. Ludrication of the sliding surface between the fixed vintle
(which incorporates the fluid flow passages and the valve vorts) and

the rotating drum, which has bored oylinders in it for the vistons,
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is no;mally accomplished by the viscosity of the hydraulic fluid.
When methyl alcohol was used as the fluid, siezing of the sliding sur-
faces occured after about 5 seconds. “

A bronze insert in the cylinder drum as a dearing insert gave
only slightly better rerformance.

A carbon ineert operated very well bdelow 2000 psi, dut at higher
pressures the insert failed due to low mechanical strength.

A modification which used silver nlating on one sliding surface
nnd tin plating on the other gave better rerformance. However, after
a few hours of running, the clearance increased to a point that the
leakage of alcohol into the separate ludrication system became excess-
ive.

A nevw vlating material has now been incorvorated, and the leakage
of alcohol into the lubrication system has been reduced but not elimi-
nated.

This vump 1s not considered to be the final answer, but wvaluabdle
data concerning overation with methyl alcohol have been obtained.

This pump has an excessive weight f@r airborne operation because of
its low rotational speed. It is felt that a rotary screw pump operat-
ing at turbine speeds would de more suitadle for airdorne operation.

Pasl .

From the performance calculations shown in Report 9-8 "Perfor-
mance of the Ejector Jet", it was determined that a greater speéifio
thrust could be odtained by using gasoline or kerosene as the fuel
rather than methanol.

However, when gasoline and kerosene were used in the experimental

installation, cracking of the hydrocarbons to coke and tar occured,

and the vaporizing tudes were rapidly clogged,

i




When methanol is used, some cracking occurs, but, so far, only

minor difficulties have been encountered. The reaction seems to be
0K3OK + Beat —> C + H0 + H,,

The free carbon which is formed is small in amount and generally
passes on through with the vapor. However disturdances in the flow
due to constrictions may cause an acoumulation of carbrn. This cardon
does not adhere to the tubes asvdid the coke and tar obtained from
operation on gasoline and kerosene.

Primary Norzzles

The controlled-free-exmansion nossle (Fig. 2) had two faults due
to inaccurate machining. The first was that the nozzle would not seal
off the flow completely due to a slight misalignement of the central
body and the nozszle throat. This resulted in the installation of a
fuel shut-off wvalve at (7) in Mg. 1. Second, since the design throat
area of 0.128 sq.in. was to be distriduted around a four-inch circum-
ference, the throat ovening (without correction for boundary layer)
was only 0.032 in. The eccentricity of the central bdody then, would
cause a dissymetry in the flow which was objectionable,

In operation, the nozzle beshavior was as follows: When the fuel
shut-off valve (7) in (Fig. 1) was opened, liguid alcohol, which fills
the tubes from the starting fuel bypass(9) to the nozzle, was sprayed
out in a conical sheet with an included angle of adout $0°. Most of
this liquid spray would fall outside of the ejector-jet intake, How=
ever, when vaporiged alcohol flowed through the nosszle, the rredicted
Frandtl-Meyer expansion took place, and the vaporized methanol followed
the contour of the central body and the expansion to supersonic

velocities took place.
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Due to the difficulty of adjusting the central body under the
high pressures and temperatures involved, this tyve of nozzle has
temporarily been shelved. (Further investigation of the controlled-
free~expansion supersonic noszle will de conducted in connection with
a Master's thesis project.)
In order to permit adjustment of the central dody under high
rressure and temperature, the nozszle shown in Fig. 2 and 4 was bduilt.
Sealing is insured by the bulge on the central dody and 120° conical
seat., When the noszle is closed completely, a 1/4 in. wide circum-
ferential seat vrovides contact without siezing., At low pressures
some leakage occurs, but at higher pressures the alcohol in the nosrle
chamber exerts an undalanced vrressure om the bulge on the central bedy
and causes a high seating tressure which vrevents leakage. As soon
as the nozzle is opened, pressure is exerted on the oprosite eide of
the bulge as well, and the forces on the central body are nearly
balanced. It is then possidle to vary the nozzle ompening under load.
The nozzle is designed so that complete expansion is obtained at
design operating pressure, temperature, and rates of fuel flow. At
all other nreasur;s. temreratures, and rates of fuel flow, the nozzle .
oxp;nnion is incomplete. IFree exvansion to ambient pressure them
occurs.,
Initially considerable difficulty was encountered due to siesing
of the screw threads in mating parts. This has largely been eliminated
by using bdrass inserts so that no steel-stesl contact exists except ! '
at the valve seat. As a further nrecaution, dry molybdenum-sulrhide ‘;‘ﬁ.

lubricant is used 2s 2 non~siesing compound in all of the threads. Vo)
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Yalves

Because of the leakage in the non-seating nozzle, a fnel-aﬁut-off
valve was inetalled [ (7) in Pig. 1] . Several difficulties weras
encountered here. The original valve was a needle valve where the
flow was throttled and had its direction changed twice. Carbdon
accumulated at the flov constriction and blocked the flavf

A cylindrical plug-type valve was then built, and the carbon
accunulation was solved, but valve seating and siezing was then a
prodblem. The plug valve was then modified to incorvorate a 10°
taper on the plug and lubrication was obtained by dipping the nlug
in water glass, wiping so that the surface was only slightly moist,
and then coating with molybdenun disulphide. The water glass (which
softens at 2000°F) was used as a bonding agent to vrevent the washing
off of the molybdenum disulphide. This valve was fairly effective,
but the valve was removed from the unit when the self-sealing vrrimary
nozzle was developed (smee adove).

Some carbon accummlation has been noted in the starting fuel
valve [ (3) in Fig. 1 :t. and in the starting fuel nozzle (10) dut eo
far no difficulties have Yeen enéountered.

The Controller

Originally the fuel bypass for desuperheating was joined at the
midpoint of the varorizing coil. Insufficient control was obtained,

80 the bynass was joined to the entrance of the surerheater coil.

When the controller was turned on during the rreliminary heating :'i“%

of the fuel, the bypass valve may start to onen at a temperaturs as

low as 800°F if the heating 1s rapid. By the time the fuel shut-off

valve was opened, the bypass valve was wide open. Then as flow through ¥
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the actuating nozzle started, the flow through the bynass valve was
such that the methanol cooled down before the vrimary fuel had a
chance to heat it up. This necessitated leaving the controller in
the off nosition until the primary nozzle was opened.

With the self-sealing primary noszle, the fuel shut-off valve
is eliminated. Then as the fuel temmerature reaches 800 to 1200°P,
the primary nozzle is ovened slightly and the controller cut in. The
fuel flow, and the fuel vressure may then be varied independently and
the controller will maintain a conetant onerating temverature within
the limits of the effectiveness of the bypass syatem. These limits
have not yet been determined.

The Vavorizer

The vaporizer is made from 20 ft. lengths of columbium-stabilized
stainless steel. The sections of tubing are welded together with an
atomic-hydrogen torch., The welds are sound and free from slag
inclusions since no flux is used in the welding nrocess. Due to the
high welding temperature (6000-9000°F) and the thin wall (1/16 in.)
of the tube care has to be taken to prevent boiling of the metal which
results in pin holes in the weld. One such vin hole, which showed up
only after some running time, sprayed a small jet of alcohol on to
one of the vaporirzer coils and eventually caused cracking, prodadly
duo to the local quenching action. Carbon pickup which occurs in
the mild stesl primary nozzle has caunsed no difficulties in the stain-
less stesl vaporizer tubes.

To make the flame holder, spark plug, starting fuel nozsle, ete.

'

readily serviceable, stainless steel Ermeto unions have been welded
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into a bulkhead. The aft vaporizer coils are then coupled to one
side of the bulkhead and the fuel inlet, bypass fuel, and the fuel
line to the noszzle are connected to the forward sidoxbf the dulkhead.
So far no trouble have been ancogntpred with these fittings other
than insufficient tightening of the fitting so that the sleeve does
not "groove" the stainless tube rroperly.

Since the vaporiger tubes are "tacked" together with stainless
steel "arc" rod, there is no seal against combustion gassas flowing
through the interstices between adjacent tudes., In order to seal
these interstices and also {nsulate againet heat loss from the vanor-
iger, a 1/4~inch insulating layer of vermiculite (expanded mica)
bonded with water glass was baked (200°F) on the outside of the
vaporizer; A metal shell covers this insulation and extends beyond
the downstream end of the vaporiger. The thrust nogzle is at present
an insert of lumnite cement and vermiculite formed with a wire screen
reinforcement. Variation of the thrust nozele throat area can then
be obtained by dreaking out the 014 nozzle insert and rerlacing it
with a new insert with a different throat area.

Insula;ion .

To provide insulation of the surersonic and subsonic diffusers,
a blanket of 1/2-inch glass wool h-sg been cemented to the surface with
2000° water glass.

¥hen, at low fuel nreersures, flash back occurs, durning starts
at the primary nozzle and continues through both the sndsonic amd
supersonic diffusers. The glass wool melts under these conditions,

so FJibderfrax ceramic fider ie being sudstituted.
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Flash dack nlso sometimes results in melting off some of the
silver-soldered pressure pickups.

The bynass-valve actuating motor has, on eccasion, becomes over-
heated due to "flash bdack" and, as a result, has had to be replaced.

Ignition

Ignition has been a nrimary source of difficulty. The necessity
of projecting the electfodos into the region where combustidle air-
fuel mixtures exist, necessitates either removal of the Qnark nlug
after initiation of comdustion or operation in a high=temperature zone.
Use of tungsten electrodee has eliminated the melting of electrodes.
but the shielding necessary to'provido a low velocity ignition region
is still causing difficulty. To vrevent melting here, a cemamic
shi~ld is now bdeing tried.

Rotameters

The rotameters used for measuring fuel flow were survlus
gasoline-measuring instruments. After a veriod of oreration on
aloohol, bdlisters apreared on the "floate"™ which were some tyns of
synthetic material. After a coniidorable period of exrosure the
"floats" disintegrated, so they were replaced by aluminmum "floats"
and recalibrated. |

Due to the leakage of alcohol into the pump-ludrication system,
the flow shown by the rotameters is fallacious, #o another flow
measurement system will have to be tried.

Tlanme Holders

Various types of flame holders have been tried. All of them O

are effective in holding the flame, dut, when flash bdack occnrs, . /LJ
]
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they melt out. A flame holder made of tungsten slectrodes is novw
being tried. Under starting conditions "torching" occurs and the
flame 1s orange, but when the nrimary noszezle is open, the flame 1s
blue and is visidle for only six inches beyond the thrust nogzle.

Fictures of the test aetur are shown in Pig. 5-10.

- — MMy, b . g P ————
;—Y

g




MANY L

IH1S INOHS =

FFLINNTLOY

Yr/vd
777 OL

.A
oL
L cteurgmens ll\..o.lxsn.l'k

dJn

79/

——
——

-»
s NN A I s i,

Calculsted by

/o

VEVECTOR

7 LAYOUT

£
DEPARTMENT OF AERONAUTICAL ENGINEENIMG

i

[

Traced by

- e e e

oo

can b

UNIVERSITY OF M LINOIS

W

e by

Cheche | 3y
App:

=




GV o

fanl Ragit "
-
)

i
1
'
,
1
)
1
!
|

g

',R

>

7 aS

! )

R ——

F 16 2

_Sa.ﬂ[ﬁ’sa/-//c NOZZLE
CON' TR0 LEL FAEE EXFZGlv

Csirntated by

Tiseet by
R

Ay By

o ——. .

P L L

AT ;
DEPARTMENT OF AERQONAUTICAL ENGINEERING

yNIVElllﬂ of WLINOIS

3Cto -2

U oeirsi]

2w Ad

IN VA8 Sy

..,




< <t




- m—n——

THRUSTOKRQ
~

-~




FI1o.7 - CONTHKO! FINEF.

SrAarTING
Fuee No. " LE

e ) e ISER S

- '




«'"/\/)/.\'L  ~
CeVTrC o,

-
- i"
Q Vo




